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(54) A DEVICE AND A METHOD FOR AMPEROMETRIC SENSING

(57) A device (100; 200; 300; 400; 500; 600) for
amperometric sensing comprises: an enclosing structure
(110; 210) defining a sensing volume (102; 202, 204a-€;
304a-e; 404a-c; 504a-c; 604a-c) and comprising at least
one circumferentialwall (112; 212;412; 512), wherein the
enclosing structure defines aninlet (114;414;514)inor at
an end of the circumferential wall for allowing a target
analyte to enter the sensing volume, an electrode (130;
230; 330a-e; 430; 530; 630) arranged in the sensing
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volume and displaced from the inlet; and a read-out
circuitry (140; 240; 640) connected to the electrode
and configured for read-out of an electrical signal from
the electrode within a time frame during which a target
analyte depletion layer around the electrode expands
along the circumferential wall and is substantially con-
tained within the sensing volume, wherein the electrical
signal is representative of a concentration of the target

analyte.
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Description
Technical field

[0001] The present description relates to ampero-
metric sensing.

Background

[0002] Amperometric sensors are electrochemical flui-
dic sensors in which an electrical signal (typically a
voltage signal) is applied between two electrodes ar-
ranged in a fluid. An electroactive target analyte may
then react with an electrode and produce another elec-
trical signal (typically a current signal) which scales with
concentration of the target analyte.

[0003] Miniaturization of the electrodes may be bene-
ficial in many applications. Miniaturization of the electro-
des reduces costs of the amperometric sensor and al-
lows providing a small form factor of the amperometric
sensor, which may be especially advantageous if multiple
sensors are to be integrated in a single device.

[0004] Forsmall electrodes, such as electrodes having
a size of 100 wm or less, diffusion of the target analyte in
the fluid limits a steady-state current of the electrode. The
steady-state current /¢ then linearly scales with concen-
tration of the target analyte. This implies that the steady-
state current may be used for sensing the concentration
of the target analyte.

[0005] However, the sensing of the concentration of
the target analyte requires that the steady-state currentis
not affected by other factors.

Summary

[0006] An objective of the present description is to
provide an amperometric sensor for accurate measure-
ments. A particular objective of the present description is
to provide an amperometric sensor that is insensitive to
external factors that may affect diffusion of the target
analyte to the electrode.

[0007] These and other objectives are at least partly
met by the invention as defined in the independent
claims. Preferred embodiments are set out in the depen-
dent claims.

[0008] According to a first aspect, there is provided a
device for amperometric sensing, said device compris-
ing: an enclosing structure defining a sensing volume,
wherein the enclosing structure comprises at least one
circumferential wall defining an extension of the sensing
volume along the circumferential wall, wherein the en-
closing structure defines an inlet in the circumferential
wall or at an end of the circumferential wall, wherein the
inlet is configured to allow a target analyte to enter the
sensing volume, an electrode arranged in the sensing
volume and displaced from the inlet, wherein the circum-
ferential wall extends from a location of the electrode to
the inlet; and a read-out circuitry connected to the elec-
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trode and configured for read-out of an electrical signal
from the electrode, wherein the read-out circuitry is con-
figured to read out the electrical signal within a time frame
during which a target analyte depletion layer around the
electrode expands along the circumferential wall and is
substantially contained within the sensing volume,
wherein the electrical signal is representative of a con-
centration of the target analyte in the sensing volume.
[0009] Itis an insight of the invention that the electrical
signal, such as a current signal, read out from an elec-
trode in direct contact with a fluid only scales exclusively
with concentration of the target analyte if the fluid is
stagnant. In case, there is a flow in the fluid, the electrical
signal scales with both concentration and with fluid ve-
locity. This implies that the concentration of the target
analyte may not be correctly determined when afluid flow
is present.

[0010] Thanks to the amperometric sensor of the first
aspect, measurement of the electrical signal may be
performed in a manner such that the measurement
may be insensitive to a fluid flow. The amperometric
sensor provides a sensing volume in which a fluid with
the target analyte may be stagnant. The amperometric
sensor may thus be arranged in an environment wherein
fluid flow is allowed or may not be avoided and may still be
able to provide accurate measurements of concentration
of the target analyte.

[0011] Forinstance, the amperometric sensor is parti-
cularly suitable to be used in relation to a bulk volume.
The amperometric sensor may thus provide accurate
measurement of concentration of the target analyte, even
though fluid flow, such as turbulent, laminar or unknown
fluid flow, is present in the bulk volume.

[0012] When amperometric sensing is initiated, con-
centration of the target analyte around the electrode will
be reduced due to the reaction of the target analyte with
the electrode. This causes a depletion layer to be formed
around the electrode, providing a concentration gradient
of the target analyte (having a decreasing concentration
of the target analyte in the sensing volume closer to the
electrode). After initiating of the amperometric sensing,
the depletion layer expands over time away from the
electrode. This implies that the measured signal changes
over time.

[0013] The enclosing structure may define a small
sensing volume in the device. This may be advantageous
in ensuring that a form factor of the device is small.
However, having a small sensing volume may also imply
that the depletion layer expands towards the inlet. If the
device is used in a bulk volume, wherein fluid flow in the
bulk volume is present, the fluid flow in the bulk volume
may start affecting measurements of the electrical signal
if the depletion layer expands substantially out of the inlet
and into the bulk volume. Thus, by reading out the elec-
trical signal while the depletion layer is at least substan-
tially contained in the sensing volume, the read out
electrical signal is insensitive to any fluid flow in the bulk
volume outside the sensing volume.



3 EP 4 647 751 A1 4

[0014] Thanks to providing the enclosing structure de-
fining a sensing volume and by performing measure-
ments in a limited time frame, the amperometric sensor
allows sensing a target analyte in a manner insensitive to
conditions in an environment surrounding the enclosing
structure, such as fluid flow in a bulk volume.

[0015] As used herein, the term enclosing structure
means any structure that clearly defines perimeters of a
sensing volume. The enclosing structure does not com-
pletely seal off the sensing volume. Rather, a fluid may
passinto the sensing volume atleastattheinletatthe end
of the circumferential wall.

[0016] The enclosing structure may provide walls at all
sides of the sensing volume. It should be realized that the
circumferential wall may be bent such that a lateral sur-
face defining the sensing volume may be provided by a
single circumferential wall. The sensing volume may
possibly have an open side at the inlet such that the
sensing volume would be defined at this side by an
imaginary line or plane at the end of the circumferential
wall(s).

[0017] The enclosing structure may define a dead end
in the sensing volume at an opposite end to the inlet. The
electrode may be arranged at a surface defining the dead
end or atleast in vicinity of the dead end. This implies that
the electrode may be displaced in the sensing volume as
far from the inlet as possible. This also implies that the
depletion layer can expand through almost the entire
sensing volume while still being contained in the sensing
volume.

[0018] The enclosing structure may comprise a plur-
ality of connected circumferential walls at different sides
around the sensing volume. However, as mentioned
above, a single circumferential wall may provide a lateral
surface that surrounds a cross-section of the sensing
volume. The circumferential wall(s) may also define a
surface at an end facing the inlet.

[0019] The sensing volume may have a regular shape,
such as having a uniform cross-section along the circum-
ferential wall. However, the sensing volume may have an
arbitrary shape.

[0020] It should be realized that the circumferential
wall(s) may be formed on a substrate, such as a flat
substrate, which may further be configured to carry other
components of the device. Thus, the substrate may
contribute to defining the sensing volume. The substrate
may be arranged at an end facing the inlet but may
alternatively be arranged such that the sensing volume
extends along the substrate (and along a circumferential
wall arranged on the substrate) to the inlet.

[0021] Itshould further be realized that there may be at
least one further (small) opening in the enclosing struc-
ture. This may facilitate escape of air or another gas from
the sensing volume when the sensing volume isfilled by a
fluid carrying the target analyte through the inlet.
[0022] The enclosing structure may define a well. For
instance, the end(s) of the circumferential wall(s) may be
flush with a surface of a carrier structure, such as a planar
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carrier structure, forming the inlet at the surface, wherein
the well extends into the carrier structure. Alternatively,
the enclosing structure may be defined by walls extend-
ing from a surface of the carrier structure forming a well
above the surface of the carrier structure.

[0023] The sensing volume may have a longitudinal
extension along the circumferential wall. This may en-
sure that, ifthe deviceis arranged in a fluid such that there
is fluid flow external to the sensing volume, the fluid flow
may not affect the fluid in the sensing volume. The long-
itudinal extension of the sensing volume may be defined
from the inlet to an opposing end of the sensing volume
facing the inlet, wherein the end of the sensing volume
facing the inlet may be a dead end.

[0024] It should further be realized that the enclosing
structure may according to an embodiment define dead
ends at both ends of the longitudinal extension of the
sensing volume. The inlet may instead be provided at a
lateral side in the circumferential wall.

[0025] The enclosing structure may define the sensing
volume such that the sensing volume is substantially
separated from any fluid flow in a volume external to
the sensing volume. Thus, the enclosing structure may
have a relatively large aspect ratio between a distance h
from the inlet to the opposing end and a size a of the inlet.
For instance, the aspect ratio h/a may be larger than 2,
which may imply that any fluid flow external to the sensing
volume may not significantly enter the sensing volume.
[0026] The size of the inlet may be defined by a char-
acteristic dimension of the inlet. Thus, if the inlet has a
circular shape, the size of the inlet corresponds to a
diameter of the inlet, whereas, if the inlet has a square
shape, the size of the inlet corresponds to a side length of
the inlet.

[0027] The inlet being configured to allow a target
analyte to enterthe sensing volume implies that the target
analyte may enterthe sensing volume so as to be present
in the sensing volume. The inlet need not be associated
with a fluid flow into the sensing volume. Rather, the
target analyte may enter the sensing volume through
diffusion.

[0028] The electrode is configured to provide an inter-
face at which an electrical signal may enter a medium in
the sensing volume. The electrode may thus be formed
by an electrically conducting material, such as a metal.
The electrode is arranged displaced from the inlet. The
electrode may be arranged at or close to the opposing
end of the enclosing structure facing the inlet. This im-
plies that the depletion layer formed around the electrode
needs to expand a long distance in order to reach the
inlet. However, the electrode may be differently arranged
in the sensing volume and timing of the read out of the
electrical signal may then be adjusted accordingly.
[0029] The electrode may be arranged on a surface of
the enclosing structure. For instance, the electrode may
be arranged on the circumferential wall, but the electrode
may alternatively be arranged on a surface of the carrier
structure, such as arranged at the opposing end of the



5 EP 4 647 751 A1 6

enclosing structure.

[0030] The electrode may provide an electrical signal
in form of a current signal. For instance, a voltage may be
applied at least in the sensing volume causing the target
analyte to be drawn towards the electrode. The reaction
by the target analyte with the electrode may thus affect a
current signal which may be read out for determining
information of the target analyte. However, it should be
realized that, alternatively, a current may be appliedinthe
sensing volume and a voltage signal may be read out. It
should further be realized that the voltage or current
being applied in the sensing volume may be provided
using an additional electrode, such as a reference elec-
trode and/or a counter electrode, which may be arranged
in or outside the sensing volume. The additional elec-
trode may be part of the device but may alternatively be
external to the device.

[0031] The depletion layer is formed around the elec-
trode during measurements providing a concentration
gradient of the target analyte in the sensing volume A
boundary of the depletion layer may be estimated as
being at a distance L from the electrode, where

L= v mDt , where D is a diffusion coefficient of the
target analyte in the sensing volume, and t is a time
passed after applying a voltage or current to the sensing
volume for initiating a measurement.

[0032] The depletion layer may be configured at the
location of the electrode to extend across an entire cross-
section of the sensing volume perpendicular to the ex-
tension of the sensing volume along the circumferential
wall. As target analyte is consumed by reaction with the
electrode, the depletion layer expands in all directions
extending away from the electrode. Since the depletion
layer fills the entire cross-section of the sensing volume,
the depletion layer may then only expand along the
circumferential wall towards the inlet. If the electrode is
not arranged at the opposing end facing the inlet, the
depletion layer may also initially expand toward the op-
posing end until the depletion layer reaches a surface of
the enclosing structure at the opposing end.

[0033] The expansion of the depletion layer may define
a linear movement along the circumferential wall.
[0034] The target analyte depletion layer being sub-
stantially contained within the sensing volume implies
that the depletion layer is mainly arranged within the
sensing volume and is only extending out of the sensing
volume to such a small extent as not to be affected by
external factors, such as fluid flow external to the sensing
volume. It should further be realized that a concentration
gradient of the target analyte may be small at a boundary
of the depletion layer, such that external factors may not
affect measurements by the device even if the depletion
layer extends somewhat out of the sensing volume.
[0035] According to an embodiment, the read-out cir-
cuitry is configured to read out the electrical signal within
atime frame during which a target analyte depletion layer
around the electrode expands along the circumferential
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wall and is contained within the sensing volume. This
implies that the depletion layer may not extend outside
the sensing volume when the electrical signal is read out.
This may ensure that the measurement is insensitive to
external factors.

[0036] The read-out circuitry may be controlled such
that the electrical signal is read out within a short time
frame before the depletion layer reaches the inlet or at
least before the depletion layer extends substantially out
oftheinlet. This implies that measurements by the device
are not sensitive to external factors. The time frame may
be defined in relation to a start of measurements based
on reaction by the target analyte with the electrode being
initiated, e.g., based on a voltage or current being applied
to the sensing volume.

[0037] It should be realized that the read out electrical
signal does not correspond to a steady-state current. The
electrical signal that is read out may thus be a transient
signal which varies during the time frame. The read-out
circuitry may be configured to read out a time sequence of
electrical signal values, representing a curve of the tran-
sient signal during the time frame. For instance, integra-
tion of the curve may be performed and is related to the
concentration of the target analyte in the sensing volume.
The read-out circuitry may alternatively be configured to
read out one or a few electrical signal values at given time
points within the time frame. For instance, the electrical
signal may be read out at a single given time point which
is at an end of the time frame before, such as shortly
before, the target analyte depletion layer extends sub-
stantially out of the sensing volume. It should be realized
that the single given time point may be before, such as
shortly before, the target analyte depletion layer reaches
the inlet. The read out electrical signal is related to the
concentration of the target analyte in the sensing volume.
[0038] According to an embodiment, the electrode is
configured to generate the electrical signal based on the
electrochemical reaction of the target analyte.

[0039] The device may be used for amperometric sen-
sing of any molecule that is electrochemically reactive.
The device may for instance be used for detection of
oxygen, but other electrochemically reactive molecules
may alternatively be detected.

[0040] According to an embodiment, the device may
further comprise a substrate, wherein the circumferential
wall is arranged on the substrate.

[0041] This may be advantageous as the substrate
may be used for carrying other components in addition
to the circumferential wall. Thus, the definition of the
sensing volume in relation to the substrate enables addi-
tional functionalities to be provided in relation to the
amperometric device. For instance, a plurality of sensing
volumes may be defined in relation to the same substrate,
which may be used for providing an array of sensing sites
for amperometric sensing. Also, other sensors may be
arranged on the same substrate.

[0042] The substrate may for instance be a semicon-
ductor substrate facilitating electronic circuitry to be pro-
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vided on or in the substrate. Thus, an integrated circuit
may be provided.

[0043] The substrate may be planar providing a sur-
face extending over a relatively large area, whereas the
substrate may have a thickness perpendicular to the
surface being smaller than dimensions of the surface.
[0044] The substrate may form part of the enclosing
structure. For instance, the circumferential wall may be
formed immediately on the substrate. However, it should
be realized that an intermediate layer may be formed on
the substrate. The enclosing structure may thus be
formed in the intermediate layer.

[0045] For instance, the enclosing structure may be
defined as a well in the intermediate layer. The well may
extend entirely through the intermediate layer, such thata
bottom surface may be defined by the substrate. Alter-
natively, the bottom surface of the well may be defined in
the intermediate layer.

[0046] According to an embodiment, the read-out cir-
cuitry is formed in a layer extending along the substrate.
[0047] Thus, the read-out circuitry may be provided in
or on the substrate. This implies that the read out of
electrical signals may be provided in an integrated and
compact device.

[0048] The electrode may be arranged on a surface of
the substrate. This may facilitate connecting the elec-
trode to the read-out circuitry for read out of the electrical
signal. However, it should be realized that the electrode
need not necessarily be arranged on the surface of the
substrate. Rather, the electrode may alternatively be
arranged on a surface of a circumferential wall arranged
on the substrate.

[0049] According to an embodiment, the circumferen-
tial wall is configured to extend vertically from the sub-
strate.

[0050] Thus, the inlet may be arranged atan end of the
circumferential wall facing the substrate. The enclosing
structure may for instance define a well. This may provide
a simple structure that may be easily manufactured, e.g.,
by etching into a surface of a layer on the substrate for
defining the sensing volume.

[0051] According to an alternative embodiment, the
circumferential wall is configured to extend horizontally
along the substrate.

[0052] In this case, the sensing volume may extend
along a surface of the substrate, such that the extension
of the sensing volume may be partly defined by a surface
of the substrate or a surface of a layer arranged on the
substrate. The sensing volume may for instance be de-
fined as a channel extending on the substrate. The
channel may have a straight extension or may follow a
curved path on the substrate.

[0053] The channel may have a wall defining a dead
end such that the sensing volume may extend along the
surface of the substrate from the inlet to the dead end.
[0054] This may be suitable for providing ampero-
metric sensing in relation to a microfluidic system. It
should be realized that no fluid flow should be provided
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in the sensing volume during measurements.

[0055] According to an embodiment, the enclosing
structure comprises a plurality of intermediate walls with-
in the sensing volume, wherein the intermediate walls are
configured to divide the sensing volume into a plurality of
partial volumes, wherein the intermediate walls are con-
figured to extend along a direction of the at least one
circumferential wall.

[0056] The intermediate walls may be used for provid-
ing a small cross-section of each partial volume while
providing a relatively large combined sensing volume
and a large combined cross-section. This may also en-
sure that a strong signal (large amplitude) may be ac-
quired.

[0057] The intermediate walls may be arranged at the
end of the circumferential wall for defining separate parts
of the inlet to the respective partial volumes. The circum-
ferential wall provides an outermost surface defining a
boundary of the overall sensing volume. Each intermedi-
ate wall may contribute to defining two partial volumes on
opposite sides of the intermediate wall.

[0058] The depletion layer in each partial volume may
expand along the intermediate wall. For the partial vo-
lumes arranged in relation to the circumferential wall(s),
the depletion layer expands along the circumferential
wall.

[0059] It should be realized that according to an alter-
native, a plurality of enclosing structures may be provided
for defining separate sensing volumes. The separate
sensing volumes may be arranged close to each other
and may still be used for providing a combined informa-
tion of the target analyte.

[0060] According to an embodiment, the electrode is
configured to extend into each of the partial volumes or
wherein the electrode forms part of a plurality of electro-
des, wherein each of the plurality of electrodes is ar-
ranged in a respective partial volume and wherein the
electrodes of the plurality of electrodes are connected for
sensing a combined electrical signal.

[0061] Asize of the electrode may be limited by dimen-
sions of the sensing volume. By having a plurality of
partial volumes, the overall size of the sensing volume
may be large without allowing fluid flow outside the sen-
sing volume to enter the sensing volume. Further, having
a large overall size of the sensing volume allows the size
of the electrode to be large, which implies that a strong
electrical signal may be acquired from the electrode.
[0062] Forinstance, the electrode may be arranged on
a bottom surface of a well facing the inlet. The size of the
electrode is thus limited to a cross-section (size of the
bottom surface) of the well. Thanks to the partial volumes
being defined, the electrode may extend into each partial
volume by extending continuously over an entire bottom
surface facing the parts of the inlet for all of the partial
volumes. This implies that a large size of the electrode
may be used allowing read out of a strong electrical
signal. The electrode extending into several partial vo-
lumes implies that a single electrode is used for acquiring
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the electrical signal from the plurality of partial volumes.
Thus, the contribution to the electrical signal from the
partial volumes isimmediately combined by the electrode
being a coherent unit extending into the partial volumes.
This may be a simple manner of providing a combined,
strong electrical signal.

[0063] However, each partial volume may be provided
with a separate electrode. For instance, electrodes may
be arranged on the bottom surface of each partial vo-
lume. These electrodes may be connected, such as
shortcircuited. This implies that even though separate
electrodes may be provided in the respective partial
volumes, the read-out circuitry may read out a single
combined electrical signal, facilitating that a strong elec-
trical signal is acquired.

[0064] According to an embodiment, the circumferen-
tial wall is tapered. This implies that a cross-section of the
sensing volume may increase or decrease from the inlet
towards an opposing end. This may be useful for limiting
fluid flow external to the sensing volume from entering the
sensing volume.

[0065] In addition, forming of a tapered circumferential
wall may be simple and may follow inherently from the
sensing volume being defined by etching into a layer.
[0066] According to an embodiment, the inlet is con-
figured to be arranged in relation to a bulk volume for
receiving target analyte into the sensing volume from the
bulk volume.

[0067] Thus, the device may be provided for ampero-
metric sensing in relation to a bulk volume. This implies
that the device may be very simple to use while being
insensitive to fluid flow in the bulk volume.

[0068] For instance, the device may be configured to
be arranged in a bioreactor for providing sensing of a
target analyte in the bioreactor. The bulk volume of fluid in
the bioreactor may be subject to fluid flow for instance by
stirring of the fluid in the bulk volume. However, thanks to
the device for amperometric sensing being insensitive to
such fluid flow, the device may be arranged inside the
bioreactor for providing measurements during an on-
going process in the bioreactor.

[0069] However, it should be realized that the device
need not necessarily be arranged in relation to a bulk
volume. Thus, the target analyte need not necessarily be
provided into the sensing volume from a bulk volume.
[0070] According to an embodiment, the read-out cir-
cuitry is configured to read out the electrical signal within
the time frame 7 defined by:

h2

k—,
T< D

wherein k is a scaling factor, which is smaller than or
equal to 20, such as smaller than or equal to 10, his a
length along the circumferential wall between the location
of the electrode and the inlet, and D is a diffusion coeffi-
cient of the target analyte in the sensing volume.
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[0071] The read-out of the electrical signal within the
time frame defined in the above manner may ensure that
the depletion layer is substantially contained within the
sensing volume when the electrical signal is read out.
Using a scaling factor being smaller than or equal to 20
may be sufficient to ensure that the depletion layer is
substantially contained within the sensing volume, such
that even though the depletion layer may extend out of
the inlet, the read out electrical signal is still not affected
by external factors. However, using a scaling factor being
smaller than or equal to 10 provides further margin to
definitely ensure that the read out electrical signal is still
not affected by external factors.

[0072] According to an embodiment, the scaling factor
may be smaller than or equal to 1. This may imply that the
target analyte depletion layer is contained within the
sensing volume when the electrical signal is read out.
This may certainly ensure that the read out electrical
signal is not affected by external factors.

[0073] According to another embodiment, the scaling
factor may be between 1 and 20, such as between 1 and
10. This may imply that the time frame in which the
electrical signal is read out is sufficiently small for the
read out electrical signal not to be affected by external
factors, while the electrical signal being read out only
slightly before the electrical signal may be affected by
external factors. This may imply that requirements on fast
read-out are as lenient as possible.

[0074] The definition of the time frame may be used for
controlling timing of the read-out. This may be used for
changing a timing of the read-out in dependence of use of
the device. Thus, based on the target analyte to be
sensed at a particular occasion, the device may be con-
trolled for ensuring that the timing of the read-out is
adapted to the diffusion coefficient of the target analyte.
[0075] However, it should be realized that the device
may be set to use a default timing of read-out, wherein the
device may be configured such that, for any target ana-
lyte that is to be sensed by the device, the read-out
circuitry will read out the electrical signal within the time
frame as defined above.

[0076] Accordingto an embodiment, alength, h, along
the circumferential wall from the location of the electrode
to the inlet is larger than or equal to half of a maximum
width, w, of a cross-section of the sensing volume at the
location of the electrode. In other words, the enclosing
structure may be configured such that 2h > w.

[0077] This may ensure that the device may be insen-
sitive to a fluid flow external to the sensing volume.
[0078] Accordingto an embodiment, the device further
comprises an additional electrode configured to apply a
voltage at least to the sensing volume.

[0079] Thus, the device may be configured to apply a
voltage difference between the electrode and the addi-
tional electrode. This voltage difference may drive the
target analyte towards the electrode for enabling sensing
of the electrical signal.

[0080] Thus, measurements may be initiated by pro-
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viding a voltage signal to the electrode and/or the addi-
tional electrode so as to provide a voltage difference
there-between.

[0081] Accordingto an embodiment, the device further
comprises a reference electrode providing a stable po-
tential in the fluid comprising the target analyte.

[0082] Thedevice maybe configuredtoapply avoltage
to the electrode with respect to the reference electrode.
[0083] The additional electrode and/or reference elec-
trode may be arranged in the sensing volume but may
alternatively and preferably be arranged outside the sen-
sing volume. For instance, the additional electrode an-
d/or reference electrode may be in contact with a fluid
extending in and outside the sensing volume. The ap-
plied voltage may thus affect the target analyte in the
sensing volume for allowing amperometric sensing to be
performed.

[0084] According to an embodiment, the sensing vo-
lume comprises an anti-fouling material thatis configured
to at least partially block species interfering with sensing
of the target analyte.

[0085] Thus, the device may be configured for sensing
of a particular target analyte or a particular group of target
analytes. The device may further be provided with anti-
fouling material to prevent or reduce interference from
other species, such as other molecules or substances.
[0086] The anti-fouling material may be provided on a
surface of the electrode. The anti-fouling material may
additionally or alternatively be provided on a surface of a
circumferential wall defining the sensing volume.
[0087] Insome embodiments, the anti-fouling material
may partially fill, completely fill, or completely fill and
further extend beyond the sensing volume. In such case,
the anti-fouling material may be arranged at the inlet of
the enclosing structure, such that the target analyte may
enter the sensing volume through the anti-fouling materi-
al. In addition, diffusion of the target analyte in the sensing
volume may at least partly be defined by a diffusion
coefficient of the target analyte through the anti-fouling
material. This will thus affect the time frame during which
the depletion layer is substantially contained within the
sensing volume and the read-out circuitry may be con-
trolled accordingly for ensuring that the electrical signal is
properly read out.

[0088] According to an embodiment, the anti-fouling
material may comprise one or a combination of polyhy-
droxyethylmethacrylate (pHEMA), polyethyleneglycol
(PEG), zwitterions, polyeugenol.

[0089] This may be suitable for blocking undesired
species, such as proteins or other compounds that
may otherwise cause fouling of the electrode.

[0090] Accordingto a second aspect, there is provided
a method for amperometric sensing, said method com-
prising: sensing a target analyte using an electrode ar-
ranged in a sensing volume, wherein the sensing volume
is defined by an enclosing structure comprising at least
one circumferential wall defining an extension of the
sensing volume along the circumferential wall, wherein
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the enclosing structure defines an inlet in the circumfer-
entialwall or at an end of the circumferential wall, wherein
the inlet is configured to allow the target analyte to enter
the sensing volume; reading out an electrical signal from
the electrode, wherein read out of the electrical signal is
performed within a time frame during which a target
analyte depletion layer around the electrode expands
along the circumferential wall and is substantially con-
tained within the sensing volume, wherein the electrical
signal is representative of a concentration of the target
analyte in the sensing volume.

[0091] Effects and features of the second aspect are
largely analogous to those described above in connec-
tion with the first aspect. Embodiments mentioned in
relation to the second aspect are largely compatible with
the first aspect.

[0092] Thanks to providing the enclosing structure de-
fining a sensing volume and by performing measure-
ments in a limited time frame, the method allows sensing
atargetanalyte inamannerinsensitive to conditionsinan
environment surrounding the enclosing structure, such
as fluid flow in a bulk volume.

Brief description of the drawings

[0093] The above, as well as additional objects, fea-
tures, and advantages of the present description, will be
better understood through the following illustrative and
non-limiting detailed description, with reference to the
appended drawings. In the drawings like reference nu-
merals will be used for like elements unless stated other-
wise.

Fig. 1 is a schematic cross-sectional view of a device
for amperometric sensing according to a first embo-
diment.

Fig. 2 is a schematic cross-sectional view of a device
for amperometric sensing according to a second
embodiment.

Fig. 3is a schematic cross-sectional view of a device
for amperometric sensing according to a third em-
bodiment.

Figs 4a-b are schematic cross-sectional views of
variants of a device for amperometric sensing ac-
cording to a fourth embodiment.

Figs 5a-b are a schematic top view and a schematic
cross-sectional view of a device for amperometric
sensing according to a fifth embodiment.

Figs 6a-d are schematic cross-sectional views of
variants of a device for amperometric sensing ac-
cording to a sixth embodiment.

Fig. 7 is a flow chart of a method according to an
embodiment.

Detailed description

[0094] Referring to Fig. 1, a device 100 for ampero-
metric sensing according to a first embodiment will be



13 EP 4 647 751 A1 14

described. The device 100 is configured to provide am-
perometric sensing that is insensitive to external factors
and, in particular, to fluid flow external to the device 100.
[0095] Thedevice 100is configured to define asensing
volume 102, such that amperometric sensing is per-
formed in the sensing volume 102. The sensing volume
102 may be defined by an enclosing structure 110 which
encloses the sensing volume 102 on all sides except for
an inlet 114 through which a target analyte can enter the
sensing volume 102.

[0096] As shown in Fig. 1, the enclosing structure 110
may comprise circumferential wall(s) 112 extending ver-
tically from a substrate 106. For instance, a circumfer-
ential wall 112 with circular shape may be provided such
that the sensing volume 102 is defined inside the circum-
ferential wall 112. Alternatively, a plurality of circumfer-
ential walls 112 may be provided defining the sensing
volume 102 between the circumferential walls 112. A
bottom of the sensing volume 102 may further be defined
by the substrate 106.

[0097] However, it should be realized that the enclos-
ing structure 110 may be defined in many alternative
ways.

[0098] AsshowninFig.1,theinlet 114 may be provided
at an end of the circumferential wall(s) 112. For instance,
the circumferential wall(s) may have an open end such
that the inlet 114 may be defined between or inside the
circumferential wall(s) 112 at the end. The inlet 114 may
thus correspond to an entire cross-section between or
inside the circumferential wall(s) 112 at the end of the
circumferential wall(s) 112.

[0099] The device 100 further comprises an electrode
130. The electrode 130is arranged in the sensing volume
102. The electrode 130 may be mounted or provided on a
wall of the enclosing structure 110 defining the sensing
volume 102.

[0100] As shown in Fig. 1, the electrode 130 may be
arranged on the substrate 106 and may extend over the
entire bottom surface of the enclosing structure 110
defining the sensing volume 102.

[0101] The circumferential wall(s) 112 define an exten-
sion of the sensing volume 102 along the circumferential
wall(s) 112. The electrode 130 is arranged in the sensing
volume 102 such that the electrode 130 is displaced from
the inlet 114. The circumferential wall(s) 112 will thus
extend from a location of the electrode 130 to the inlet
114. With the electrode 130 arranged on the substrate
106, the electrode 130 is arranged as far away as pos-
sible from the inlet 114 at the end of the circumferential
wall(s) 112.

[0102] The arrangement of the electrode 130 dis-
placed in the sensing volume 102 from the inlet 114
implies that amperometric sensing measurements may
be performed using the electrode 130 without fluid flow
external to the sensing volume 102 affecting the mea-
surements.

[0103] Inthe embodimentofFig. 1,the electrode 130is
arranged at a maximal distance away from the inlet 114 in
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the sensing volume 102. However, it should be realized
that the electrode 130 and the inlet 114 may be differently
arranged in the enclosing structure 110. For instance, the
inlet 114 may be formed in a circumferential wall 112.
Thus, the inlet 114 may be formed by an opening in the
circumferential wall 112. Further, the electrode 130 may
be arranged at the circumferential wall 112. However, the
electrode 130 should always be arranged displaced from
the inlet 114 in the sensing volume 102.

[0104] In amperometric sensing, a voltage signal may
be applied in the sensing volume 102. This may be
achieved by providing a voltage signal to the electrode
130 and to an additional electrode (not shown) which may
be provided in the sensing volume 102 or external to the
sensing volume 102 in contact with a medium extending
into the sensing volume 102. The applied voltage signal
may generate a current signal atthe electrode 130, which
may be read out from the electrode 130. It should be
realized that as an alternative, a current signal may be
applied in the sensing volume 102 and a voltage signal
may be read out from the electrode 130.

[0105] During the amperometric sensing, concentra-
tion of the target analyte in the sensing volume 102
around the electrode 130 will be reduced due to a reac-
tion of the target analyte with the electrode 130. This
causes a depletion layer (illustrated with shading in the
sensing volume 102) to be formed around the electrode
130, providing a concentration gradient of the target
analyte (having an increasing concentration of the target
analyte in the sensing volume 102 farther away from the
electrode 130). After initiating of the amperometric sen-
sing, the depletion layer expands over time away from the
electrode 130.

[0106] The depletion layer may fill an entire cross-
section of the sensing volume 102 between or inside
the circumferential wall(s) 112 and expand along the
circumferential wall(s) 112. This implies that the depletion
layer may expand in a linear direction along an extension
of the sensing volume 102 along the circumferential
wall(s) 112 during amperometric sensing.

[0107] The device 100 is configured to perform am-
perometric sensing measurements such that the deple-
tion layer is substantially contained within the sensing
volume 102. If the depletion layer extends substantially
into a bulk volume outside the sensing volume 102, the
amperometric sensing measurement would be affected
by a fluid flow in the bulk volume.

[0108] The device 100 further comprises read-out cir-
cuitry 140 connected to the electrode 130. The read-out
circuitry 140 may be arranged in any relation to the
electrode 130 and may be connected to the electrode
130 via wires or conductive lines for allowing the read-out
circuitry 140 to be arranged at a distance from the elec-
trode 130.

[0109] However, the read-out circuitry 140 may be ar-
ranged close to the electrode 130. For instance, the read-
out circuitry 140 may be provided as an integrated circuit
in the substrate 106 in a layer extending along an exten-
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sion of the substrate 106. The electrode 130 may be
arranged in a layer above the read-out circuitry 140
and may be connected to the read-out circuitry 140
below. For instance, an insulating layer may be provided
between the read-out circuitry 140 and a layer in which
the electrode 130 is arranged, wherein the electrode 130
may be connected by a via through the insulating layer to
the read-out circuitry 140.

[0110] The read-out circuitry 140 may be configured to
read out an electrical signal from the electrode 130. The
read-out circuitry 140 may be configured to process the
electrical signal read out from the electrode 130 but may
alternatively be configured to communicate the electrical
signal to a processing unit (which may be arranged in an
external device) for further processing of the read out
electrical signal.

[0111] The read-out circuitry 140 is configured to read
out the electrical signal within a short time frame from
initiation of the amperometric sensing measurement.
This may ensure that the depletion layer is substantially
contained within the sensing volume 102 during the
amperometric sensing.

[0112] Thanks to the measurement being performed
while the depletion layer is at least mostly inside the
sensing volume 102, external factors outside the sensing
volume 102 may not affect the measurement. For in-
stance, if the device 100 is arranged in a bulk volume
of afluid, the amperometric sensing may be insensitive to
any fluid flow external to the sensing volume 102.
[0113] Thanks to the electrode 130 being displaced
from the inlet 114, there is a time frame in the ampero-
metric sensing measurement during which the depletion
layer has not reached the inlet 114 and is thus contained
in the sensing volume 102. If a large distance between
the electrode 130 and the inlet 114 is provided, this time
frame may be relatively long. However, the device 100
may be configured to provide amperometric sensing
which is insensitive to external factors evenif the distance
between the electrode 130 and the inlet 114 is relatively
short. In such case, the time frame for read-out of the
electrical signal from the electrode 130 may be adjusted
such that the electrical signal is still read out before
expansion of the depletion layer has reached the inlet
114, or while the depletion layer is substantially contained
within the sensing volume 102.

[0114] Theelectrical signal thatis read out may thus be
a transient signal which varies during the time frame. The
read-out circuitry 140 may be configured to read out a
time sequence of electrical signal values, representing a
curve of the transient signal during the time frame. The
read-out circuitry 140 may alternatively be configured to
read outone or a few electrical signal values at given time
points within the time frame. The read out electrical signal
is related to the concentration of the target analyte in the
sensing volume 102.

[0115] Forinstance, an integration of the curve may be
performed for determining the concentration. According
to an alternative, the electrical signal may be read outata
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single given time point which is before, such as shortly
before, the target analyte depletion layer extends sub-
stantially out of the sensing volume. It should be realized
that the single given time point may be before, such as
shortly before, the target analyte depletion layer reaches
the inlet.

[0116] The enclosing structure 110 may define the
sensing volume 102 such that the sensing volume 102
is substantially separated from external factors, such as
any fluid flow in a volume external to the sensing volume
102. Thus, the enclosing structure 110 may define a
relatively large distance h from the inlet 114 to an end
of the sensing volume 102 farthest away from the inlet
114, at which end the electrode 130 may also be pro-
vided. In particular, the enclosing structure 110 may
define arelatively large aspect ratio between the distance
h and a size a of the inlet 114. For instance, the aspect
ratio h/a may be larger than 2, which may imply that any
fluid flow external to the sensing volume may not sig-
nificantly enter the sensing volume.

[0117] The size of the inlet 114 may be defined by a
characteristic dimension of the inlet 114. Thus, if the inlet
114 has a circular shape, the size of the inlet 114 corre-
sponds to a diameter of the inlet 114, whereas, if the inlet
114 has a square shape, the size of the inlet 114 corre-
sponds to a side length of the inlet 114.

[0118] According to an embodiment, the read-out cir-
cuitry 140 is configured to read out the electrical signal
within the time frame 7 defined by:

h2

k—,
T< D

wherein k is a scaling factor, which is smaller than or
equal to 20, such as smaller than or equal to 10, such as
smaller than or equal to 1, h is a length along the circum-
ferential wall 112 between the location of the electrode
130 andtheinlet 114, and D is a diffusion coefficient of the
target analyte in the sensing volume 102. This may
ensure that the depletion layer is at least substantially
contained within the sensing volume 102 when the elec-
trical signal is read out.

[0119] The arrangement of the electrode 130 in a con-
fined sensing volume 102 implies that a current signal
from the electrode 130 will be reduced compared to a
current signal from an electrode 130 arranged in a large
volume where the depletion layer can expand freely. Ifthe
electrode 130 is arranged over an entire bottom surface
of a sensing volume 102 having a circular shape with a
diameteraand a height h, as indicated in Fig. 1, a steady-
state current /s -of the device 100 compared to a steady-
state current /g5 of an amperometric sensor wherein the
depletion layer can expand freely may be related as:

Iss,r _ n
le AL+1
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where L=h/(a/2).

[0120] Thus, the device 100 may provide a reduced
signal strength compared to an amperometric sensor
wherein the depletion layer can expand freely.

[0121] Referring now to Fig. 2, the signal strength may
be increased by combining a plurality of partial volumes.
InFig. 2, a device 200 according to a second embodiment
will be described. The device 200 comprises read-out
circuitry 240 similar to the read-out circuitry 140 de-
scribed above for the first embodiment. For brevity and
to avoid repetition, it will not be further described for the
second embodiment.

[0122] As shown in Fig. 2, a large overall sensing
volume 202 may be provided by combining a plurality
of partial volumes 204a-e. This implies that each partial
volume may be configured with dimensions ensuring that
fluid flow or other external factors outside the partial
volume does not affect amperometric sensing measure-
ments. Further, electrical signals from the plurality of
partial volumes may be combined such that the signal
strength may be relatively large.

[0123] The enclosing structure 210 may comprise cir-
cumferential walls 212 providing an outermost definition
of the overall sensing volume 202. Furthermore, the
enclosing structure 210 may comprise a plurality of inter-
mediate walls 216 extending within the sensing volume
202. The plurality of intermediate walls 216 may extend
along a direction of the circumferential walls 212. Thus,
partial volumes 204a-e may be defined between adjacent
intermediate walls 216 within the sensing volume 202 or
between an intermediate wall 216 and a circumferential
wall 212. The partial volumes 204a-e may share a sur-
face defining an end facing aninlet 214. For instance, the
intermediate walls 216 may be arranged on a common
substrate 206, each extending vertically on the substrate
206.

[0124] It should be realized that for a circular cross-
section of the sensing volume 202, the partial volumes
may be separately defined, wherein each partial volume
is defined by a circumferential wall with circular shape. It
should be realized that the cross-section of such a device
may correspond to the cross-section shown in Fig. 2, if
taken through a diameter of the partial volumes.

[0125] The electrode 230 may be configured extend on
the substrate 206 over an entire area corresponding to
the bottom surfaces of the partial volumes 204a-e. This
implies that an electrical signal from the electrode 230
corresponds to a combined signal from all of the partial
volumes 204a-e. According to an alternative, separate
electrodes may be provided in each of the partial volumes
204a-e. However, these electrodes may then be con-
nected for providing a combined electrical signal that is
read out by the read-out circuitry 240.

[0126] Usinga plurality of partial volumes, a total signal
strength | in relation to the signal strength discussed
above for the circular arrangement becomes:
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T

F=n gl

where n is the number of partial volumes. Increasing the
number of partial volumes is beneficial for sensitivity of
the device 200. Therefore, a pitch d between the partial
volumes should be as small as allowed by a process for
fabricating the device 200.

[0127] Itshould be realized that the device for ampero-
metric sensing may be designed in further alternative
ways. Now, some alternative arrangements will be de-
scribed in relation to Figs 3-6. For brevity and to avoid
repetition, only the features differentiating the embodi-
ments from the above-described first and second embo-
diments will be described.

[0128] As shown in Fig. 3, the device 300 may com-
prise a plurality of electrodes 330a-e. Each electrode
330a-e may be arranged on the substrate 306, wherein
the electrode 330a-e does not necessarily have a size
corresponding to the size of the cross-section of the
partial sensing volume 304a-e.

[0129] It should further be realized that the electrode
330a-e may have any shape which may or may not
correspond to a shape of the cross-section of the partial
volume 304a-e at the substrate 306.

[0130] Further, it should be realized that the device 400
may comprise circumferential wall(s) 412 and intermedi-
ate walls 416 which may not necessarily define a uniform
cross-section of the partial volumes 404a-c through the
extension along the circumferential wall(s) 412 and/or
intermediate walls 416.

[0131] As shown in Figs 4a-b, the circumferential
wall(s) 412 and intermediate walls 416 may be tapered.
In Fig. 4a, the walls are tapered such that a size of the
cross-section of the partial volumes 404a-c is smaller at
the inlet414 compared to the bottom of the partial volume
404a-c. InFig.4b, the walls are tapered such that a size of
the cross-section of the partial volumes 404a-c is smaller
at the inlet 414 compared to the bottom of the partial
volume 404a-c.

[0132] The partial volumes 404a-c should be defined
by the circumferential wall(s) 412 and intermediate walls
416 such that the length h along the wall 412 from the
location of the electrode 430 to the inlet 414 is larger than
orequal to half of a maximum width wof a cross-section of
the partial volume 404a-c at the location of the electrode
430. In other words, the partial volume 404a-c may be
designed such that 2h > w.

[0133] This may ensure that the device may be insen-
sitive to a fluid flow external to the sensing volume.
[0134] The circumferential wall(s) 412 and intermedi-
ate walls 416 may be typically formed by using etching to
formthe partial volumes 404a-cin alayer arranged on the
substrate 406. Thus, a material layer may be provided on
the substrate 406 covering electrodes 430 which may be
previously formed on the substrate 406. Then, the partial
volumes 404a-c may be defined by etching forming the
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circumferential wall(s) 412 and intermediate walls 416 in
the material layer. The inlet 414 may thus be provided ata
surface of the material layer.

[0135] However, it should be realized that the circum-
ferential wall(s) 412 and intermediate walls 416 may be
formed in a different manner, such as using selective
deposition of material for forming the walls on the sub-
strate 406.

[0136] Further, it should be realized that the device 500
may comprise circumferential wall(s) 512 extending hor-
izontally along the substrate 506. Intermediate walls 516
may be provided for dividing the sensing volume 502 into
a plurality of partial volumes 504a-c extending between
the substrate 506 and the circumferential wall(s) 512.
This is illustrated in Figs 5a-b, wherein Fig. 5a shows a
top view of the device 500 and Fig. 5b shows a cross-
sectional view of the device 500.

[0137] The partial sensing volumes 504a-c may then
form channels extending on the substrate 506 and the
circumferential wall(s) 512. Here, the distance between
the location of the electrode 530 and the inlet 514 to the
partial volume 504a-c may be defined by a length of the
channel along the substrate 506 and the circumferential
wall(s) 512 rather than a height of the circumferential
walls as described in the above embodiments.

[0138] The device 500 may still be read outin a manner
insensitive to external factors based on the electrical
signal being read out while the depletion layer is sub-
stantially contained within the partial volumes 504a-c.
[0139] The channel does not need to extend along a
straight line but may for instance have a curved or mean-
dering shape.

[0140] The partial sensing volumes 504a-c may be
connected to a (complex) microfluidic system, which
may have multiple inlets and outlets. The distance be-
tween the location of the electrode 530 and the inlet 514
to the partial volume 504a-c may then be defined as a
shortest length from the electrode to fluidic connection
with a sample in the microfluidic system. Even though the
partial sensing volumes 504a-c may thus be connected
to a microfluidic system, the amperometric sensing
should be performed within a time frame during which
there is no fluid flow in the microfluidic channel in which
the electrode 530 is arranged.

[0141] A sensing volume 502 or partial sensing vo-
lumes 504a-c may be defined by a microfluidic channel
that may be connected to a microfluidic system. The
microfluidic channel may have an inlet and an outlet on
opposite sides of the microfluidic channel. The microflui-
dic channel may be a side channel such that no fluid is
forced through the channel, whereby measurements in
the sensing volume 502 may be insensitive to a fluid flow.
[0142] The outlet may function as a vent hole allowing
air to escape the microfluidic channel when the sensing
volume 502 isfilled by the fluid carrying the target analyte.
The outlet could be closed before measurements are
initiated to ensure that no fluid flow occurs in the micro-
fluidic channel. The electrical signal from the electrode
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530 should be read out before the target analyte deple-
tion layer reaches the inlet or the outlet, whichever is
reached first. Thus, the time frame for read out of the
electrical signal may be defined based on a shortest
distance between the electrode 530 and the inlet or the
outlet.

[0143] Referring now to Figs 6a-d, the device 600 may
comprise an anti-fouling material 650. The anti-fouling
material 650 may protect the electrode 630 from fouling,
i.e., that substances stick to the electrode 630. The anti-
fouling material 650 may also be configured to ensure
that species that may otherwise interfere with sensing of
the target analyte do not reach the electrode 630.
[0144] As shown in Figs 6a-d, the anti-fouling material
650 may be provided in different ways in relation to the
electrode 630 and the partial volumes 604a-e. As shown
in Fig. 6a, the anti-fouling material 650 may be configured
tofill the entire partial volumes 604a-e and extend outside
the partial volumes 604a-e. However, it should be rea-
lized that the anti-fouling material 650 may be configured
to completely fill the entire partial volumes 604a-e or may
be configured to partially fill the partial volumes 604a-e.
[0145] In these cases, the anti-fouling material 650
may cover the electrode 630 and may further be arranged
at least in a portion of the partial volume 604a-e around
the electrode 630. The anti-fouling material 650 may be
configured to allow the target analyte to pass to the
electrode 630 while preventing species that may interfere
with the amperometric sensing of the target analyte from
reaching the electrode 630.

[0146] The diffusion of the target analyte in the partial
volumes 604a-e may thus at least partly be defined by a
diffusion coefficient of the target analyte through the anti-
fouling material 650. This diffusion coefficient is typically
smaller. This implies that the time frame during which the
depletion layer is substantially contained within the par-
tial volumes 604a-¢ is longer and the read-out circuitry
640 may be controlled accordingly for ensuring that the
electrical signal is properly read out. However, the de-
tected current signal will also be lower, which implies that
a signal-to-noise ratio may be lower than for a target
analyte being provided in a fluid filling the partial volumes
604a-e.

[0147] As shown in Figs 6b-d, the anti-fouling material
may instead be provided only on a surface of the elec-
trode 630 (Fig. 6b), on surfaces of circumferential wall(s)
612 and intermediate walls 616 (Fig. 6¢), or on both (Fig.
6d). In the embodiments of Figs 6b-d, the diffusion coeffi-
cient of the target analyte is based on the diffusion
coefficient in a fluid filling the partial volumes 604a-e.
This may imply that the detected current signal may be
larger than the current signal detected for the embodi-
ment of Fig. 6a, such that an improved signal-to-noise
ratio may be provided.

[0148] The anti-fouling material may still prevent spe-
cies that may interfere with the amperometric sensing
from reaching the electrode 630 and/or may ensure thata
surface of the electrode 630 is maintained clean.
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[0149] According to an embodiment, the anti-fouling
material may comprise one or a combination of polyhy-
droxyethylmethacrylate (pHEMA), polyethyleneglycol
(PEG), zwitterions, polyeugenol. This may be suitable
for blocking undesired species such as proteins.

[0150] The device according to any of the above-de-
scribed embodiments may for instance be used for am-
perometric sensing, wherein the target analyte is dis-
solved oxygen in a liquid. This may be useful in many
applications. However, it should be realized that the
device may be used for amperometric sensing of other
target analytes.

[0151] Referring now to Fig. 7, a method for ampero-
metric sensing will be described.

[0152] The method comprises sensing 702 a target
analyte using an electrode arranged in a sensing volume.
The sensing volume is defined by an enclosing structure
according to any of the embodiments described above.
The enclosing structure comprises at least one circum-
ferential wall defining an extension of the sensing volume
along the circumferential wall, wherein the enclosing
structure defines an inlet in the circumferential wall or
at an end of the circumferential wall, wherein the inlet is
configured to allow the target analyte to enter the sensing
volume.

[0153] The amperometric sensing may involve apply-
ing a voltage signal or a current signal in a medium
arranged in the sensing volume and possibly extending
outside the sensing volume. The voltage or current signal
may be applied based on the electrode arranged in the
sensing volume and displaced from the inlet and based
on an additional electrode which may be arranged out-
side the sensing volume. The applying of the voltage or
current signal may cause a reaction by the target analyte
with the electrode such that a corresponding electrical
signal is provided by the electrode.

[0154] The method further comprises reading 704 out
an electrical signal from the electrode, wherein read out
of the electrical signal is performed within a time frame
during which a target analyte depletion layer around the
electrode expands along the circumferential wall and is
substantially contained within the sensing volume,
wherein the electrical signal is representative of a con-
centration of the target analyte in the sensing volume.
[0155] Thanks to the method, the amperometric sen-
sing measurement may be performed in a manner in-
sensitive to external factors, such as fluid flow external to
the sensing volume.

[0156] In the above the inventive concept has mainly
been described with reference to a limited number of
examples. However, as is readily appreciated by a per-
son skilled in the art, other examples than the ones
disclosed above are equally possible within the scope
of the inventive concept, as defined by the appended
claims.
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Claims

1. Adevice (100; 200; 300; 400; 500; 600) for ampero-
metric sensing, said device comprising:

an enclosing structure (110; 210) defining a
sensing volume (102; 202, 204a-e; 304a-e;
404a-c; 504a-c; 604a-c), wherein the enclosing
structure (110; 210) comprises at least one cir-
cumferential wall (112; 212; 412; 512) defining
an extension of the sensing volume (102; 202,
204a-e; 304a-e; 404a-c; 504a-c; 604a-c) along
the circumferential wall (112; 212; 412; 512),
wherein the enclosing structure (110; 210) de-
fines an inlet (114; 414; 514) in the circumfer-
entialwall (112;212;412; 512) oratan end of the
circumferential wall (112; 212; 412; 512), where-
intheinlet(114;414;514)is configuredto allowa
target analyte to enter the sensing volume (102;
202, 204a-e; 304a-e; 404a-c; 504a-c; 604a-c),
an electrode (130; 230; 330a-¢; 430; 530; 630)
arranged inthe sensing volume (102; 202, 204a-
e; 304a-e; 404a-c; 504a-c; 604a-c) and dis-
placed from the inlet (114; 414; 514), wherein
the circumferential wall (112; 212; 412; 512)
extends from a location of the electrode (130;
230; 330a-e; 430; 530; 630) to the inlet (114;
414; 514); and

aread-out circuitry (140; 240; 640) connected to
the electrode (130; 230; 330a-¢; 430; 530; 630)
and configured for read-out of an electrical sig-
nal from the electrode (130; 230; 330a-e; 430;
530; 630), wherein the read-out circuitry (140;
240; 640) is configured to read out the electrical
signal within a time frame during which a target
analyte depletion layer around the electrode
(130; 230; 330a-e; 430; 530; 630) expands
along the circumferential wall (112; 212; 412;
512) and is substantially contained within the
sensing volume (102; 202, 204a-e; 304a-e;
404a-c; 504a-c; 604a-c), wherein the electrical
signal is representative of a concentration of the
target analyte in the sensing volume (102; 202,
204a-e; 304a-e; 404a-c; 504a-c; 604a-c).

2. The device for amperometric sensing according to
claim 1, wherein the electrode (130; 230; 330a-€;
430; 530; 630) is configured to generate the elec-
trical signal based on the electrochemical reaction of
the target analyte.

3. The device for amperometric sensing according to
claim 1 or 2, further comprising a substrate (106; 206;
306;406;506), wherein the circumferential wall (112;
212; 412; 512) is arranged on the substrate (106;
206; 306; 406; 506).

4. The device for amperometric sensing according to
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claim 3, wherein the read-out circuitry (140; 240;
640) is formed in a layer extending along the sub-
strate (106; 206; 306; 406; 506).

The device for amperometric sensing according to
any one of claims 3-4, wherein the circumferential
wall (112; 212; 412) is configured to extend vertically
from the substrate (106; 206; 306; 406).

The device for amperometric sensing according to
any one of claims 3-4, wherein the circumferential
wall (512) is configured to extend horizontally along
the substrate (506).

The device for amperometric sensing according to
any one of the preceding claims, wherein the enclos-
ing structure (210) comprises a plurality of intermedi-
ate walls (216; 416; 516) within the sensing volume
(202, 204a-e; 304a-e; 404a-c; 504a-c; 604a-c),
wherein the intermediate walls (216; 416; 516) are
configured to divide the sensing volume (202, 204a-
e; 304a-e; 404a-c; 504a-c; 604a-c) into a plurality of
partial volumes (204a-e; 304a-e; 404a-c; 504a-c;
604a-c), wherein the intermediate walls (216; 416;
516) are configured to extend along a direction of the
at least one circumferential wall (212; 412; 512).

The device according to claim 7, wherein the elec-
trode (230; 430; 630) is configured to extend into
each of the partial volumes (204a-e; 404a-c; 604a-c)
orwherein the electrode (330a-e; 530) forms partofa
plurality of electrodes, wherein each of the plurality of
electrodes is arranged in a respective partial volume
(304a-e; 504a-c) and wherein the electrodes of the
plurality of electrodes are connected for sensing a
combined electrical signal.

The device for amperometric sensing according to
any one of the preceding claims, wherein the cir-
cumferential wall (412) is tapered.

The device for amperometric sensing according to
any one of the preceding claims, wherein the inlet
(114; 414; 514) is configured to be arranged in rela-
tion to a bulk volume for receiving target analyte into
the sensing volume (102; 202, 204a-e; 304a-e;
404a-c; 504a-c; 604a-c) from the bulk volume.

The device for amperometric sensing according to
any one of the preceding claims, wherein the read-
out circuitry (140; 240; 640) is configured to read out
the electrical signal within the time frame z defined
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wherein k is a scaling factor, which is smaller than or
equal to 20, such as smaller than or equal to 10, such
as smaller than or equal to 1, h is a length along the
circumferentialwall (112;212;412;512) between the
location of the electrode (130; 230; 330a-e; 430; 530;
630) and the inlet (114; 414; 514), and D s a diffusion
coefficient of the target analyte in the sensing volume
(102; 202, 204a-e; 304a-e; 404a-c; 504a-c; 604a-c).

The device for amperometric sensing according to
any one of the preceding claims, wherein alength (h)
along the circumferential wall (112; 212; 412; 512)
from the location of the electrode (130; 230; 330a-¢;
430; 530; 630) to the inlet (114; 414; 514) is larger
than or equal to half of a maximum width (w) of a
cross-section of the sensing volume (102; 202,
204a-e; 304a-e; 404a-c; 504a-c; 604a-c) at the loca-
tion of the electrode (130; 230; 330a-e; 430; 530;
630).

The device for amperometric sensing according to
any one of the preceding claims, further comprising
an additional electrode configured to apply a voltage
at least to the sensing volume (102; 202, 204a-€;
304a-e; 404a-c; 504a-c; 604a-c).

The device for amperometric sensing according to
any one of the preceding claims, wherein the sensing
volume comprises an anti-fouling material (650) that
is configured to at least partially block species inter-
fering with sensing of the target analyte.

A method for amperometric sensing, said method
comprising:

sensing (702) a target analyte using an elec-
trode arranged in a sensing volume, wherein the
sensing volume is defined by an enclosing struc-
ture comprising at least one circumferential wall
defining an extension of the sensing volume
along the circumferential wall, wherein the en-
closing structure defines an inlet in the circum-
ferential wall or at an end of the circumferential
wall, wherein the inlet is configured to allow the
target analyte to enter the sensing volume;
reading (704) out an electrical signal from the
electrode, wherein read out of the electrical
signal is performed within a time frame during
which atargetanalyte depletion layeraround the
electrode expands along the circumferential
wall and is substantially contained within the
sensing volume, wherein the electrical signal
is representative of a concentration of the target
analyte in the sensing volume.
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